The major anthocyanin compound in buckwheat sprouts was determined to be cyanidin 3-O-rutinoside (C3R), based on HPLC data and MS/MS spectra. Investigation of the content of phenolic compounds in commercial buckwheat sprouts indicated that hypocotyls are abundant in C3R and rutin, whereas all of the detected flavonoids are abundant in cotyledons. The superoxide anion radical-scavenging activities (SODlike activities) of phenolic compounds in buckwheat sprouts and their contents indicated that rutin, isoorientin, and orientin contributed mainly to the SOD-like activity of the extract from buckwheat sprouts. In contrast, the contribution of C3R was substantially lower than that of flavonoids.
The major anthocyanin compound in buckwheat sprouts was determined to be cyanidin 3-O-rutinoside (C3R), based on HPLC data and MS/MS spectra. Investigation of the content of phenolic compounds in commercial buckwheat sprouts indicated that hypocotyls are abundant in C3R and rutin, whereas all of the detected flavonoids are abundant in cotyledons. The superoxide anion radical-scavenging activities (SODlike activities) of phenolic compounds in buckwheat sprouts and their contents indicated that rutin, isoorientin, and orientin contributed mainly to the SOD-like activity of the extract from buckwheat sprouts. In contrast, the contribution of C3R was substantially lower than that of flavonoids.
Key words: buckwheat; sprout; cyanidin 3-O-rutinoside; flavonoid; superoxide anion radical-scavenging activity
There is increasing recognition of the nutritional value of the sprouts of various vegetables, beans, and crops (e.g., broccoli, radish, mustard, alfalfa, and red cabbage). Consumption of buckwheat (Fagopyrum esculentum Moench) sprouts is increasing in Japan in anticipation of the anti-capillary-fragility effects of rutin and its other functions. 1) In a previous study, rutin and four C-glucosylflavons (orientin, isoorientin, vitexin, and isovitexin) in buckwheat seedlings 4 d after germination were identified by instrumental analysis.
2) The C-glucosylflavon content was higher under etiolated growing conditions than under natural outdoor conditions. 3) Although it has been reported that the anthocyanin composition of colored autumn leaves of buckwheat (cyanidin 3-O-glucoside and cyanidin 3,5-di-O-glucoside) 4) and the red color of buckwheat hypocotyls is due to the accumulation of cyanidin glycoside, 5, 6) identification of the anthocyanins in sprouts based on instrumental analysis has not been reported.
Polyphenolic compounds such as flavonoids and anthocyanins are of great interest for their radicalscavenging activity. The superoxide anion radicals (O 2 À ) generated in living cells by a single-electron reduction of oxygen under physiological conditions are of special interest, because they play harmful roles as precursors of more reactive oxygen species, contributing to pathological diseases. 7) Hence, intake of dietary antioxidants such as flavonoids and anthocyanins that act as radical-scavengers is expected to be effective in preventing many diseases. For example, polyphenolic compounds that originate from plants have been recently reported to prevent morbid states, such as hyperglycemia and hypertension, 8, 9) relevant to lifestyle-related diseases.
This report identifies the major anthocyanin compound in buckwheat sprouts and investigates the localization and superoxide anion radical-scavenging activities (SOD-like activities) of phenolic compounds such as flavonoids and anthocyanins in buckwheat sprouts.
All authentic flavonoids and anthocyanin (cyanidin 3-O-rutinoside chloride, C3R chloride) were obtained from Extrasynthese (Genay, France). Buckwheat sprouts for investigation of anthocyanin composition were cultivated under 24 h illumination of fluorescent light from 2 d after germination under dark conditions. The aerial parts of seedlings (sprouts) were cut off, freezedried, and subsequently ground. Commercially available buckwheat sprouts (three brands: A, B, and C) for investigation of localization of anthocyanin and flavonoid compounds were partly divided into cotyledons and hypocotyls, and then a powdered sample was prepared in the same manner. The dry weight of cotyledons and hypocotyls in the various sprout samples was nearly equal. Anthocyanin was extracted from a powdered sample (100 mg) with 5 ml of 5% formic acid for 16 h at 4 C, and subsequently purified with a C18 Sep-Pak cartridge (Waters, Milwaukee, WI). The eluate by 0.1% TFA-ethanol solution (2:8) was dried under reduced pressure and redissolved in 1 ml of 0.1% TFA. The crude extracts (methanol solution) from cotyledons, hypocotyls, and whole sprouts were prepared as described previously. 2) Anthocyanin in the sample solution from buckwheat sprouts was analyzed with HPLC equipped with a ODS column (4.6 mm i.d. Â 250 mm). The mobile phase was composed of 5% acetonitrile containing 0.1% TFA (solvent A) and 95% acetonitrile containing 0.1% TFA (solvent B), at a flow rate of 1.0 ml/min. The following linear gradient was utilized: 0 min, 0% B; 40 min, 60% B. Visible detection was carried out at a wavelength of 520 nm, and a UV-Vis spectrum (200-600 nm) was collected with a photodiode array detector. After it was passed through the flow cell of a diode array detector, the column eluate was directed to a QSTAR Pulsar-i mass spectrometer (Applied Biosystems, Foster City, CA) with an atmospheric pressure chemical ionization (APCI) interface at a temperature of 450 C. MS/MS of the most abundant ion in the scan was performed using different collision cell voltages ranging from 10 to 30 eV to compare the fragmentation patterns of the targeted compounds. A calibration curve for quantitative determination of identified anthocyanin compounds by 520 nm detection was obtained using a standard solution. On the other hand, the content of flavonoid compounds was determined by HPLC analysis, as previously described.
2)
The polyphenol content of the buckwheat sprouts extracts was determined by the Folin-Denis method 10) using D-(+)-catechin for calibration.
Because of a highly water-soluble tetrazolium salt, 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulphophenyl)-2H-tetrazolium, monosodium salt (WST-1) was suitable for specific detection of superoxide anions, 11) and the WST assay method (SOD-WST kit, Dojindo, Kumamoto, Japan) was used to measure the SOD-like activities of the identified compounds. SOD-like activities were assayed according to the manufacturer's instructions using a DMSO solution of phenolic compounds and a methanol solution of buckwheat sprout extracts. The final concentration of phenolic compounds and buckwheat sprout extract in the reaction mixture was as follows: vitexin and isovitexin, 8.3 mM, 36 mg/ml; orientin and isoorientin, 8.3 mM, 38 mg/ml; rutin, 8.3 mM, 51 mg/ml; C3R, 8.3 mM, 53 mg/ml; buckwheat sprout extract, 42 mg/ml. The final concentration of DMSO was 0.4% and that of MeOH was 0.7%. SOD-like activity was expressed as the inhibition rate of the formation of water-soluble formazan from WST-1 and a superoxide anion generated from the xanthine-xanthine oxidase system. In order to investigate the effect of phenolic compounds on xanthine oxidase activity, the formation of uric acid in the assay mixture was measured by HPLC analysis with a UV detector (290 nm) and an ODS column (2.1 mm i.d. Â 150 mm) at a flow rate of 0.2 ml/min of 10 mM potassium phosphate buffer (pH 5.8).
One major peak in the HPLC chromatogram of the solid-phase extract from buckwheat sprouts accounted for more than 95% of the total peak area at 520 nm wavelength detection. The max in the UV-Vis spectrum of the major peak, 280 nm and 519 nm, indicated that this compound was anthocyanin. The MS/MS spectrum (22 eV) of the molecular ion peak at m=z 595 exhibited that the ion fragmented into two product ions at m=z 449 (½M À C 6 H 10 O 4 þ ) and 287 (½M À C 6 H 10 O 4 { C 6 H 10 O 5 þ ), corresponding to cyanidin 3-O-glucoside (loss of a rhamnosyl unit) and cyanidin (loss of a rutinosyl unit) respectively. The fragmentation pattern of the MS/MS spectrum (12 eV) of molecular ion of rutin (m=z 611), also detected in the extract, was identical to that of the major anthocyanin compound, i.e., the ion at m=z 611 fragmented into two product ions at m=z 465 (½M À C 6 H 10 O 4 þ ) and 303 (½M À C 6 H 10 O 4 {C 6 H 10 O 5 þ ), corresponding to protonated quercetin 3-O-glucoside (loss of a rhamnosyl unit) and protonated quercetin (loss of a rutinosyl unit) respectively. In general, the sugar moiety of disaccharides in anthocyanin is located at carbon 3 of aglycon. Additionally, HPLC data (retention time and UV-Vis spectrum) and the MS/MS spectrum of the anthocyanin compound were identical to authentic cyanidin 3-Orutinoside (C3R). Consequently, the major anthocyanin compound was identified as C3R. C3R is one of several typical anthocyanins found in various plants, including black currant 12, 13) and the Polygonaceae, for example Nepalese smartweed (Persicaria nepalensis) and longleaf dock (Rumex longifolius).
14) It was reported recently that oral administration of C3R, D3R in black currant was directly absorbed in rats and humans, and that their levels in the blood decreased more slowly than the 3-Oglucosides of cyanidin and delphinidin. 15) Table 1 shows the content of C3R in cotyledons and hypocotyls of buckwheat sprouts. C3R was considerably more abundant in buckwheat hypocotyls than in coty- ledons in all the sprout samples. The C3R content in hypocotyls of sprout B, which was the highest among the three samples, was 3.6 times greater than sprout C, whose anthocyanin content was lowest. In cotyledons, the C3R content of sprout A was 10.5 times greater than sprout C. It has been reported that the content of anthocyanin in buckwheat sprouts increased with illumination for 72 h after 2 d under etiolated conditions.
3)
Consequently, the difference in C3R content of sprout samples (A, B, and C) is mainly attributable to conditions of illumination during the growth period. Besides the conditions of illumination, the variety of buckwheat seeds producing sprouts might affect the anthocyanin content of the sprouts. Since the varieties of the sprout samples collected are unknown, the contribution of the variety to the C3R content could not be specified. Investigation of the differences in C3R content among buckwheat varieties will be required to produce buckwheat sprouts with higher C3R content. Table 1 also presents the content of flavonoids in cotyledons and hypocotyls among the sprout samples. In cotyledons, C-glycosylflavons were abundant, along with rutin, whereas rutin was the only major flavonoid compound in hypocotyls. While the amount of flavonoid compounds was considerably higher than that of C3R in all sprout samples, the contents in the cotyledons were nearly equal, and subtle differences were found in hypocotyls (flavonoids in sprout B were 1.3-fold those of sprout A). Among flavonoids in buckwheat sprout samples, it has been reported that rutin increased with illumination, whereas C-glycosylflavones slightly decreased.
3) This regulation in flavonoids by light should result in nearly equal contents of total flavonoids.
The SOD-like activities of authentic anthocyanin and flavonoid compounds, and the crude extracts of buckwheat sprouts (A, B, and C), are shown in Fig. 1 . The activities of all the crude extracts of buckwheat sprouts were almost equivalent to that of rutin, isoorientin, and orientin, whereas the activity of C3R was lower than those compounds, and the activities of vitexin and isovitexin were substantially low. Rutin, isoorientin, orientin, C3R, and crude extracts from buckwheat sprouts dose-dependently exhibited SOD-like activities (data not shown). Figure 2 shows the effect of phenolic compounds on xanthine oxidase activity. Although C3R, vitexin, and isovitexin showed no inhibition of xanthine oxidase activity, orientin, isoorientin, and rutin inhibited it. The relative xanthine oxidase activities of orientin, isoorientin, and rutin were 58 AE 9% (average of triplicate AE SD), 49 AE 16%, and 58 AE 10% respectively (these activities were not significantly different). Because the inhibition of xanthine oxidase activities of orientin, isoorientin and rutin contribute approximately 40 to 50% of the SOD-like activities, the SOD-like activity of C3R, not an inhibitor of xanthine oxidase, was deduced to be roughly equal to those of the flavonoids. Xanthine oxidase activity was expressed as activity relative to control that contained no phenolic compounds or extracts. Data were means of three experiments AE SD, and were analyzed with one-way ANOVA followed by post hoc multiple comparisons made by Tukey's test. Different letters (a, b, and c) indicate statistical difference (P < 0:05).
While rutin, orientin, isoorientin, and C3R with a dihydroxy (catechol) structure at the B-ring in the flavonol or flavon skeleton showed SOD-like activities, their contents in buckwheat cotyledons and hypocotyls indicate that the activity of crude extracts from buckwheat sprouts were mainly attributable to these flavonoids and not to C3R.
This study indicates that buckwheat sprouts have health benefits due to an abundance of phytochemicals such as flavonoids and anthocyanin with antioxidant activity.
